INTRODUCTION
On 11 March 2011, an extraordinary earthquake of magnitude 9.0 occurred centred about 130 km off the Pacific coast of Honshu, Japan's main island, at 38.3°N, 142.4°E. It was followed by a huge tsunami with waves reaching up to 40 m height in the Iwate region and about 10 m in the Fukushima region (The 2011 Tohoku Earthquake Tsunami Joint Survey Group, 2011; Mori et al., 2011) . These events caused great loss of life (about 16000 confirmed dead and about 4000 missing) and extensive damage. One of the consequences was a total loss of AC electric power at the Fukushima Dai-ichi Nuclear Power Plant (hereafter FNPP1). The station blackout developed into a disaster that left three of the six FNPP1 reactors 35.84°N, 140.76°E) from 25 April 2011 to 5 December 2011. The samples were treated as described by , and their activities were measured at the underground facility of the Low Level Radioactivity Laboratory of Kanazawa University using ultra low background Ge-detectors (Hamajima and Komura, 2004) . We also used online data published by Tokyo Electric Power Company (TEPCO) and Fukushima Prefecture for coastal stations including FNPP1, Fukushima Dai-ni Nuclear Power Plant (FNPP2) and Onahama as shown in Fig. 1 . The data from TEPCO and Fukushima Prefecture were not shown with the analytical uncertainty, but the MEXT guidelines state that "not detected" is defined when counting error exceeds one-third of the measured activity. We therefore assumed that the uncertainty of the published data is less than 33%, and we display these data with a 33% error bar.
RESULTS AND DISCUSSION
134 Cs activity in surface water at Hasaki was around 40-110 Bq m -3 until the end of May 2011, thereafter it suddenly increased and reached 2080 ± 150 Bq m -3 on 6 June 2011 (Table 1 and arrow in Fig. 2 , therefore 137 Cs activity in June 2011 was 1000 times higher than that before the FNPP1 accident.
134 Cs/ 137 Cs activity ratios observed at Hasaki were close to 1 (Fig. 3) when we take into account the 134 Cs half-life of 2.1 years. This ratio is consistent with the 134 Cs/ 137 Cs activity ratio of 0.99 ± 0.02 observed at FNPP1 in March and April 2011 (Buesseller et al., 2011) and in the western North Pacific in April and May 2011 (Honda et al., 2012) . This ratio also indicates that the 134 Cs and 137 Cs observed at Hasaki originated from the FNPP1 accident.
The sudden increase of radiocaesium activity in surface water at Hasaki on 6 June 2011 came two months after the maximum of radiocaesium activity in surface water at FNPP1, which was observed on 6 April 2011 (upper arrow in Fig. 4 ). At Onahama, 30 km south of FNPP1 ( Fig. 1) , a delayed maximum of 134 Cs activity in surface water was also observed at the beginning of June 2011 (lower arrow in Fig. 4 ) as was the case at Hasaki. In contrast, Inoue et al. (2011) showed little increase of 134 Cs activity in surface water north of Fukushima at ten coastal stations, shown as "Aomori" in Fig. 4 . The 134 Cs activity in May and June 2011 at these stations north of FNPP1 was only a few Bq m -3 , and three orders of magnitude lower than those observations at Hasaki and Onahama south of FNPP1.
The trend of radiocaesium activity in surface water north and south of FNPP1 might be regulated by characteristics of direct discharge of 134 Cs and 137 Cs at the FNPP1 site, transport processes in the coastal zone, and characteristics of atmospheric deposition of 134 Cs and 137 Cs released from FNPP1 into the atmosphere. The main source of the 134 Cs and 137 Cs measured at these coastal stations was the variable flux of radiocaesium from FNPP 1; Buesseler et al. (2011) reported a peak in ocean discharge in early April, one month after the earthquake, and a decrease by a factor of 1000 by the following month. Concentrations through the end of July at FNPP1 remained several orders of magnitude higher than levels in coastal waters measured in 2010, implying continuing releases from the reactors or other sources (Buesseler et al., 2011) . 134 Cs activity in surface water at the FNPP1 and FNPP2 sites remained at 10 3 -10 4 Bq m -3 in December 2011 (Fig. 4) . 134 Cs activity at Hasaki (Fig. 2 ) was about two orders of magnitude lower than that at FNPP1 Cs released from FNPP1 to Hasaki were relatively limited rather than southward transport to Oanahama until the end of May 2011. Coast transport processes are very complex in this sea area and these might be controlled by Kuroshio, meso-scale eddies associated with Kuroshio and fresh water flux from land. Therefore, it is interesting and important to discuss about the sudden increase of 134 Cs and 137 Cs activities at Hasaki regarding with hydrographic conditions near the coast of this region. In fact, there was a warm water eddy of which center located at 36.5 N, 141.4 E off Iwaki between Onahama and Hasaki in the middle of May 2011 as shown in Fig. 1 (http://www.data.kishou.go.jp/kaiyou/db/tokyo/ archive/2011/05_2/tokyo_current/tokyo_current.html). Clockwise current associated with this warm water eddy, which means northward current east of this warm water Fig. 4 . These small decreases occurring at the similar period with increases of Hasaki and Onahama may also indicate enhanced southward transport as discussed above, if we can assume less change on 134 Cs and 137 Cs fluxes at FNPP1. In general, radiocaesium was transported to the south, then to the east after it was released directly from the FNPP1 site as already described by a model simulation study (Tsumune et al., 2011) . It might be also necessary to conduct more detailed model simulations that include coastal processes such as meso-scale eddy behavior and freshwater flux from land to simulate a sudden increase of 134 Cs and 137 Cs activity in the surface water observed at Hasaki on 6 June 2011.
CONCLUSION
We compared our results at Hasaki to published radiocaesium trends at the FNPP1 site and several coastal stations to its south and north. The maximum in radiocaesium activity at Hasaki was observed in June 2011 representing a delay of two months from the corresponding maximum in April 2011 at FNPP1. Directly discharged 134 
